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SINGLE GATE OXIDE DIFFERENTIAL RECEIVER AND METHOD 



Related Co-pending Applications 



This is a related application to the following co-pending applications, filed on 
10 even date, having the same inventors and assigned to instant assignee: 

1 . Differential Input Receiver and Method for Reducing Noise, having serial 
number Q^lAfrl^l and attorney Socket no. 0100.990019; 

2. Voltage Supply Discriminator and Method, having serial number 

n <\ W and attorney docket no. 0100.990017; and ^H)V^> 1^ 

15 3 . Pre-buffer Voltage Level Shifting Circuit and Method, having serial 

number ffi lQ4\ t Mffo and attorney docket no. 0100.990018. 

Field Of The Invention 



20 The invention relates generally to integrated circuit signal receivers and more 

particularly to differential receivers. 

Background Of The Invention 



25 Graphics controller chips, like many integrated circuit devices, utilize CMOS, 

logic cores, and associated input/output (I/O) pads as part of their circuit makeup. I/O 
pads include, for example, input/output buffers coupled to a common pad or pin. There is 
a constant challenge to continuously design smaller, faster and more complicated 
integrated circuits to provide increased functionality for multimedia applications and 

30 other applications. Typically, the logic core operates at a different supply voltage than 
the I/O pads. For example, with logic cores having gate lengths of .25 urn, a core logic 



supply voltage may be 2.5 volts. Corresponding supply voltages for the input/output 
pads, however, may be different supply voltages such as 3.3 volts. However, future 
generation chips require faster speeds and lower power consumption, hence, lower supply 
voltages so that the I/O pads can switch at faster frequencies. 

5 

Also, integrated circuits must often provide compatibility with older versions of 
interface circuits. As a result, an integrated circuit may require that the I/O pads operate 
at either a 3.3 volt level, or for example, at a lower 1.5 volt level. The gate length and 
gate oxide thickness of I/O pad transistors must also typically be decreased to provide 

10 faster circuits that draw less current. With multilevel supply voltages, multi-gate oxide 
devices are often used to provide the requisite logic levels and overvoltage protection. 
However, a problem arises when multi-gate oxide transistors are used on the same chip. 
Using differing gate oxide thickness 1 requires additional fabrication processes and, hence, 
results in higher fabrication costs. Moreover, the larger gate oxide thickness 1 can slow 

15 the device down unnecessarily. For low voltage CMOS signaling, the input/output pad 
must also be designed to prevent static leakage and prevent damage due to gate-source or 
gate-drain overvoltage. 

FIG. 1 shows a block diagram of a conventional I/O pad 10 including an output 
20 buffer 12 and an input buffer 14 coupled to a common pad or pin 16. The I/O pad 10 
communicates signals to and from the pad 16 for the core logic 18. Some integrated 
circuit interfaces such as interfaces that interface a graphics controller chip with other 
processing chips (e.g. AGPX and AGP2X) for example are required to work with a 3.3 
volt I/O voltage supply as well as with a 1.5 voltage supply. At the same time, the core 
25 voltage supply for .25 micron technology is 2.5 volts. This typically means that the input 
signal received by the interface chip can have a 0 volt to 1 .5 volt swing for one 
application and 0 volt to 3.3 volt swing for another application. Where thick gate oxide 
MOS transistors are used for 3.3 volt I/O voltage supplies, they are typically unsuitable 
for 1.5 voltage supply based circuits because they cannot provide the required timing 
30 parameters since they may be too slow at the 1.5 voltage supply. In addition, thin gate 
oxide MOS transistors cannot typically withstand the 3.3 volt supply for a 3.3 volt input 




signal environment since a gate-source or gate-drain junction may have a 3.3V potential 
during normal operation. This may be higher than the normal maximum operating 
voltage for the device. It has been recommended to use a differential input stage to meet 
timing parameters and to make these parameters less dependent on temperature and less 
5 susceptible to noise. 

A common solution to accommodate multiple differing supply voltages for a 
receiver stage for an I/O pad or other circuit for example has been to make two different 
integrated circuit chips - one for the 3.3 volt supply and another chip for a 1.5 volt 
10 supply. Typically, single (or thin gate) gate oxide differential receivers are designed for 
1.5 volt supplies and for 1.5 volt input signals and are on a separate integrated circuit 
from thick gate oxide differential receivers. Thick gate oxide differential receivers are 
used to accommodate the 3.3 volt voltage supply for a 3.3 input signal. As such, there 
are typically two different designs on two different integrated circuit chips. 

15 

Consequently, there exists a need for a differential receiver and circuitry that 
accommodates a varying voltage supply that automatically accommodates different 
supply voltages and input signal levels on a single integrated circuit chip. Moreover, it 
would be desirable if such a differential receiver was able to automatically switch supply 
20 voltages and be designed as a single gate oxide circuit. 

Brief Description Of The Drawings 

25 FIG. 1 is a block diagram illustrating a prior art integrated circuit with core logic 

and an I/O pad having an input buffer (receiver), and an output buffer. 

FIG. 2 is a block diagram illustrating one embodiment of an integrated differential 
receiver in accordance with one embodiment of the invention. 



30 



10 



• 



FIG. 3 is a circuit diagram illustrating one embodiment of an integrated 
differential receiver in accordance with the invention wherein a differential receiver and 
associated switchable voltage supply circuit are made from single gate oxide devices. 

FIG. 4 is another embodiment of an integrated differential receiver in accordance 
with the invention wherein the differential receiver is a single gate oxide device and a 
switchable voltage supply circuit is a thick gate oxide based circuit. 

Detailed Description Of a Preferred Embodiment of The Invention 



Briefly, an integrated differential receiver includes a single gate oxide differential 
receiver and an associated switchable voltage supply circuit. The integrated differential 
receiver determines the desired receiver supply voltage and selects a supply voltage for 
the single gate oxide differential receiver. When a lower supply voltage is determined as 

15 the desired supply voltage, the integrated differential receiver automatically provides a 
supply voltage to the single gate oxide differential receiver with a voltage higher than the 
I/O pad supply voltage and higher than the maximum input signal voltage to increase the 
speed of operation for the differential receiver. The switchable voltage supply circuit is 
operatively responsive to a control signal which indicates the desired supply voltage for 

20 the I/O pad. In one embodiment, both the single gate oxide differential receiver and the 
switchable voltage supply circuit are single gate oxide circuits. 

In an alternative embodiment, the switchable voltage supply circuit is a thick gate 
oxide based circuit and is used to selectively supply a supply voltage to the single gate 
25 oxide differential receiver. In both embodiments, a supply voltage to the differential 
receiver is selected to be different from an I/O pad supply voltage when the desired I/O 
pad supply voltage is below a predetermined threshold or reference voltage. 



FIG. 2 illustrates one embodiment of an integrated differential receiver 100 
30 having a single gate oxide differential receiver 102, a switchable voltage supply circuit 
104 and an isolation output buffer 106[ The switchable voltage supply circuit 104 



receives as input, a desired I/O pad supply voltage 108 which may be a plurality of 
different supply voltages. For purposes of illustration only, the desired supply voltages 
may be, for example, 3.3 volts and 1.5 volts. The switchable voltage supply circuit 104 
also receives another input such as a first reference voltage 110 which may be for 
5 example the supply voltage for the core logic, such as 2.5 volts or other suitable reference 
voltage. In addition, the switchable voltage supply circuit 104 receives a control signal 
1 12 which indicates an input signal voltage range, such as whether the input signal 1 14 to 
the differential receiver 102 will be in a range from 0 to 1.5 volts, or for example 0 to 3.3 
volts. The control signal may be a signal from ah input pin for the integrated circuit or 
10 may come from other suitable control logic on the integrated circuit. The switchable 
voltage supply circuit 104 selects a single gate oxide differential receiver supply voltage 
1 16 for the single gate oxide differential receiver 102 based on the desired I/O pad supply 



voltage 108, the first reference voltage 1 1 0 and the control signal 112. 



15 The differential receiver 102 receives the input signal 114, for example, from an 

external chip. The input signal is receives on one input of the single gate oxide 
differential receiver 102. On another inputL the single gate oxide differential receiver 102 
receives a second reference voltage 117. The second reference voltage 117 may be for 
example one half of the desired supply voltage 108, or any other suitable reference 

20 voltage. Based on the second reference voltage 117 and the level of the input signal 1 14, 

\ 

the differential receiver outputs a received signal 1 18 to the isolation output buffer 106. 
The isolation output buffer 106 then outputs thdsignal 1 18 to the core logic. 



In operation, the circuit provides either of at least an I/O pad supply voltage and a 
second reference supply voltage for the single gate oxide differential receiver based on 
the control signal such that the reference supply voltage is selected as the differential 
receiver supply voltage when the control signal indicates a maximum input signal voltage 
to be less than the second reference voltage! The circuit also provides the I/O pad supply 
voltage as the differential receiver supply voltage when the control signal indicates a 
30 maximum input signal voltage to be greater ihan the second reference voltage. 



Accordingly, the switchable voltage supply circuit determines a desired I/O pad 
supply voltage and the input voltage range and generates a single gate oxide receiver 
supply voltage to maximize the speed of operation of the differential receiver 102. For 
example, if the desired supply voltage 108 is set at 3.3 volts, and the control signal 1 12 
5 indicates that the input signal range is 0 to 3.3 volts, the switchable voltage supply circuit 
104 will generate a 3.3 volt supply for the single gate oxide differential receiver 102. It 
will be recognized that the supply voltage to the single gate oxide differential receiver 
102 may not be exactly 3.3 volts, or the indicated input signal level, but it may be 
different by an order of several junction thresholds depending upon the design of a 
1 0 switchable voltage supply circuit 1 04. 



If however the desired I/O pad supply voltage is 1.5 volts as indicated by the I/O 
pad voltage 108, and as the control signal 1 12 indicates that the input voltage range is 0 
to 1.5 volts, the switchable voltage supply circuit 104 selects a supply voltage 1 16 for the 

15 single gate oxide differential receiver that is different from the 1 .5 volt I/O pad supply or 
input signal range. For example if the WO pad 108 is indicated to be 1.5 volts by the 
control signal, the switchable voltage supply circuit 104 generates a 2.5 volt single gate 
oxide differential receiver supply voltage\l 16 for the differential receiver to maximize the 
speed of operation of the differential receiver 102. As such when a lower I/O pad supply 

20 voltage is used, the integrated differential receiver 100 automatically detects the level and 
outputs a higher supply voltage to the single gate oxide differential receiver. In one 
embodiment, the higher output voltage is equal to the first reference voltage. 



FIG. 3 shows a circuit diagram of one embodiment of the integrated differential 
25 receiver 100 wherein the switchable voltage supply circuit 104 is also based on single 
gate oxide devices such as nmos and pmos field effect transistors (FETS), or any other 
suitable devices. The switchable voltage supply circuit 104 includes a pair of current 
sources 200a and 200b wherein one current source is used to supply one level of supply 
voltage to the single gate oxide differential receiver 102 and the other current source is 
30 used to provide the requisite current (and hence voltage) for a second supply voltage for 
the single gate oxide differential receiver. The switchable voltage supply circuit 104 



# # 

includes a first voltage switching circuit 202 and a second switching circuit 204. The 
first switching circuit 202 is switched in and provides a higher source voltage such as 3.3 
volts, whereas the second switching circuit 204 switches in a supply voltage higher than 
tha maximum input voltage. For example, when the maximum input voltage is 1.5 volts, 
5 the switching circuit 204 switches in a higher reference voltage, than the maximum input 
voltage, such as 2.5 volts, to supply the voltage for the single gate oxide differential 
receiver. As shown, all FET devices are thin gate oxide devices. In addition all of the 
FET devices for the single gate oxide differential receiver are also thin gate devices, such 
as silicon dioxide based FETs having a gate oxide thickness of approximately 50 
10 angstroms. 

The voltage switching circuit 202 includes a plurality of pmos transistors 206, 208 
and 210, and a nmos transistors 212, and 214. Similarly, the second voltage supply 
circuit 204 includes pmos transistors 216, 218 and 220, and nmos transistors 222 and 

15 224. A pair of inverters 226 and 228 are also used. The switchable voltage supply circuit 
104 is a single gate oxide device in part because of nmos transistors 214 and 224. These 
devices serve as a type of voltage divider. The nmos transistor 214 is "on" and nmos 
transistor 224 is "off 1 when there is a 3.3V input signal since the control signal 1 12 is 0V. 
For a 1 .5V condition, the control signal 1 12 is equal to 2.5V. Therefore, nmos transistor 

20 214 is "off and nmos transistor 224 is "on." When nmos transistor 214 is "on" and nmos 
transistor 224 is "off 1 , switching circuit 202 is "on", sending current to nodel from the 
3.3V voltage supply, and switching circuit 204 is "off. 

When nmos transistor 214 is "off 1 , and nmos transistor 224 is "on", switching 
25 circuit 204 is "on" sending current to nodel from the 2.5V supply, and switching circuit 
202 is "off 1 . In this case, the gate of nmos transistor 214 has a potential of 0 volts, but 
the drain of pmos transistor 206 might have a potential of 3.3 V. Therefore, nmos 
transistor 212 prevents nmos transistor 214 from having its gate-drain voltage of 3.3V. 
The gate potential of nmos transistor 212 is 2.5 V. This results in the potential of its 
30 source will not be larger than 2.5V-Vtn (when the switching circuit 202 is off). The 
nmos transistor 222 serves the same purpose when the switching circuit 204 is "off. 



In operation, the inverter 226 receives the control signal 112 which, by way of 
example, may vary from 0 volts to 2.5 volts. In this example, the control signal is 0 volts, 
when a 3.3 volt I/O pad supply is used. The control signal is 2.5 volts when the I/O pad 
supply voltage is 1.5 volts. When the I/O pad supply voltage is 3.3 volts, the control 
signal, being 0 volts, becomes inverted through inverter 226 to a 2.5 volt level turning on 
nmos transistor 214. This in turn turns on transistor 212 which then activates the current 
source 200a to supply approximately 2.8 volts as a supply voltage for the single gate 
oxide differential receiver at node 1 . The control signal having been once inverted 
through inverter 226 is again inverted through inverter 228. As such, the output of 
inverter 228 is in a logic low level thereby keeping transistors 224 off which in turn 
through transistor 222, keeps the current source 200b off. The transistors 212 and 222 
provide a type of voltage divider to allow single gate oxide technology to be used for all 
transistor devices in the circuit since the gate to source and gate to drain voltages do not 
exceed maximum allowable voltage levels and thereby are not degraded due to 
overvoltage conditions when a I/O pad supply voltage is for example 3.3 volts. 

Conversely, when the control signal 1 12 is in a logic high level, such as 2.5 volts, 
indicating that the I/O pad supply voltage is 1.5 volts or other level lower than a previous 
level, the inverted signal through inverter 226 shuts off transistor 214 and turns on 
transistor 224. This in turn shuts off the current source 200a and activates the current 
source 200b. With the current source 200b activated, a voltage level at node 1 of 
approximately 2.0 volts is supplied as the single gate oxide differential receiver supply 
voltage. The voltage switching circuits 202 and 204 operate to alternately activate the 
common current source to selectively provide the differential receiver supply voltage for 
the single gate oxide differential receiver. Transistors 206,208 and 210 provide the 
potential of well2 equal to 3.3V when the switching circuit 202 is "on" as well as provide 
floating conditions for welll, and switch "off transistors 216, 218 and 220. Transistors 
216, 218 and 220 provide welll with a potential equal to 2.5Vwhen the switching circuit 
204 is "on" as well as provide floating conditions for well2 and switching "off 
transistors 206, 208 and 210. 



# # 



The single gate oxide differential receiver 102 includes differential input pmos 
transistors 230 and 232 as well as nmos transistors 234 and 236. In addition, pmos 
transistor 238 has a gate coupled to the first reference voltage and a source coupled to the 
5 single gate oxide differential receiver supply voltage 1 16. A drain is coupled to the drain 
of pmos input transistor 232 that receives the input signal. In operation, the transistors 
230 - 236 operate as a conventional differential receiver. However, the transistor 238 
acts to effectively provide the drain voltage of transistor 236 at the level of Vtn when 
input transistor 232 is off. For example, if the input voltage range was 0 to 3.3 volts for 
10 I/O pad supply voltage of 3.3 volts, when the input signal is 3.3 volts, transistor 232 is 
turned off and transistor 238 pulls up the drain of transistor 236 to reduce noise and also 
prevents the gate to drain voltage of transistor 232 from experiencing a voltage condition 
O that exceeds a normal operating voltage range since the drain does not reach 0 volt level 

ry during a 3.3 volt or higher input voltage range. As such, the disclosed circuit provides a 

15 single gate oxide solution to reduce fabrication costs while still providing a robust design 
over differing I/O pad supply voltage ranges and input signal input signal voltage ranges. 
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to 



FIG.4 shows another embodiment of an integrated differential receiver 300 
wherein the switchable voltage supply circuit 302 uses thick gate oxide transistors. 

20 Another difference is that a plurality of control signals 304 and 306 are used as opposed 
to a single control signal. The single gate differential receiver circuit 102 is identical to 
that previously described with reference to FIG. 3. The switchable voltage supply circuit 
302 includes a current source 308 as well as two pairs of thick gate oxide pmos FET 310, 
3 12, 3 14 and 316. The thick gate oxide devices may have for example a gate oxide 

25 thickness of approximately 70 angstroms. The pair of pmos FETs 3 1 0 and 3 1 2 act to 

supply the current source with a high supply voltage, such as 3.3 volts, when the I/O pad 
supply voltage is 3.3 volts. The pair of pmos transistors 314 and 316 serves to provide a 
current source when the I/O pad supply voltage is 1.5 volts (a lower supply voltage). In 
operation, when the control signal is at a logic low level, for example when the I/O pad 

30 supply voltage is the higher supply voltage such as 3.3 volts, the pmos transistors 310 and 
3 12 are turned on. To provide 3.3V at nodel, nmos transistor 308 works like a current 



source for the differential receiver. Its gate is biased with VREF2 (half of 3.3 V or half of 
1.5 V). 

When the input to transistors 310 and 312 is low, these transistors are on and the 
gates of transistors 314 and 3 1 6 are high through inverter 320. As such, they are 
effectively turned off and isolated. When the control signal is a logic high, such as 2.5 
volts when the I/O pad supply voltage is a lower voltage such as 1.5 volts, the pair of 
transistors 310 and 312 are effectively shut off but the transistors 314 and 316 are turned 
on thereby pulling node 1 to approximately 2.5 volts. 

It should be understood that the implementation of other variations and 
modifications of the invention in its various aspects will be apparent to those of ordinary 
skill in the art, and that the invention is not limited by the specific embodiments 
described. It is therefore contemplated to cover by the present invention, any and all 
modifications, variations, or equivalents that fall within the spirit and scope of the basic 
underlying principles disclosed and claimed herein. 



